Background
Introduction
Inflammatory bowel disease (IBD), which mainly consists of ulcerative colitis (UC) and Crohn's disease (CD), is a group of chronic non-specific gastrointestinal inflammatory conditions. IncreasedIBD incidence and prevalence havebeen observed in different regions of the world [1] . IBD is an autoimmune disease that results from an aberrant immune response to intestinal bacteria or other foreign substances as well as genetic factors [2] . Previous studies have demonstrated that genetic polymorphisms contribute to individual variations in the genetic susceptibility to IBD [3] . Among the genetically predisposing alleles tightly linked to IBD, Tolllike receptor (TLR) polymorphisms have attracted increasing attention in recent years [4] .
Toll-like receptors (TLRs) are transmembrane proteins usually expressed by antigen presenting cells; they are important immune receptors that participate in the recognition of pathogen-associated molecular patterns and activation of signal transduction pathways of antimicrobial genes, by identifying and binding to small molecular components on pathogens [5] . TLRs also play an important role in the digestive system. In addition, they can recognize invading microbes in the intestinal barrier and activate the immune response. However, sustained hyper-activation of TLRs may lead to chronic inflammation in IBD. At present, at least 13 TLR family members recognizing different pathogens independently or together in various internal organs have been described, of which TLR2 and TLR4 are most commonly studied for their association with risk of IBD [6] .
TLR2, located at 4q31.3, recognizes bacterial lipopeptides and lipoteichoic acid found abundantly in the cell wall of Gram positive bacteria [7] . TLR4, located at 9q33.1, serves as a surface receptor for lipopolysaccharides (LPS), the main endotoxins derived from Gram-negative bacteria [8] . In the normal intestine, TLR2 and TLR4 are expressed at low levels in intestinal epithelial cells (IECs), thus minimizing the recognition of luminal bacteria [9] . However, TLR2 and TLR4 are up-regulated in primary IECs throughout the lower gastrointestinal tract in IBD patients, which may cause excessive immune response [10] [11] [12] .
Population-based case-control show an association between TLR4 polymorphism and susceptibility to CD and UC. The association between TLR2 gene variantss and extensive colonic disease in UC and CD has also been discribed [13] . TLR2 Arg677Trp (R677W, rs12191786) and Arg753Gln (R753Q, rs5743708), and TLR4 Asp299Gly (D299G, rs4986790) and Thr399Ile (T399I, rs4986791) polymorphisms are the most widely discussed SNPs in the investigation of the association between polymorphisms of TLR family and susceptibility to IBD. The association between TLR4 Asp299Gly and Thr399Ile polymorphisms and IBD is controversial. TLR2 single studies did not found the association of TLR2 Arg677Trp and Arg753Gln polymorphisms and IBD. However, these studies has relatively sample size and might be underpowered to reveal a small effect of the polymorphisms of TLR2 on IBD susceptibility. Meta-analysis can combine results from different studies to produce an estimate of the major effect with enhanced precision.The aim of this meta-analysis was to investigate the associations between TLR2 (Arg677Trp, Arg753Gln) and TLR4 (Asp299Gly, Thr399Ile) genetic polymorphisms and susceptibility to IBD.
Methods

Literature search
A systemic search was conducted on PubMed, Embase, Biosis Preview and China National Knowledge Infrastructure databases up to August 31, 2014 using the following keywords: (1) "toll-like receptor" or "TLR"; (2) "Crohn's disease" or "CD" or "ulcerative colitis" or "UC" or "inflammatory bowel disease" or "IBD"; (3) "polymorphism" or "variant" or "genotype". There was no language restriction and species were limited to human. References in the reviews and retrieved articles were hand-searched as well. For articles by the same author using the same case series, the study with the largest sample size was selected.
Inclusion criteria
The inclusion criteria were: (1) case-control study; (2) investigation evaluating the relationship between TLR2 (Arg677Trp, Arg753Gln) and TLR4 (Asp299Gly, Thr399Ile) genetic polymorphisms and IBD (CD or UC) susceptibility; (3) sufficient available published data for odds ratio (OR) estimation with 95% confidence interval (CI); (4) human study; (5) data not republished.
Data extraction and quality assessment
Missing data were requested by contacting study authors through email. Data were blindly extracted from all selected publications by two investigators (Cheng and Zhu) separately. For each of the included articles, the first author name, publication year, study population (ethnicity), source of controls, total numbers of patients and controls, and polymorphism frequencies in patients and controls were extracted. For studies that included subjects of different ethnic groups, data were extracted for each one. Any disagreement on a given item of the extracted data was fully discussed to reach a consensus.
Predefined criteria (Table 1) based on the scale of Thakkinstian [14] were used to assess the methodological quality of eligible studies. The revised criteria cover the representativeness of cases and controls, assessment of IBD, genotyping examination, Hardy-Weinberg equilibrium (HWE) in the control population, and association assessment. Scores ranged from 0 (lowest) to 11 (highest). Articles with scores of less than 6 were considered to be low-quality studies, whereas those with scores equal to or higher than 6 were considered high-quality reports. Quality assessment was also performed by two authors separately (Yang and Yun). Disagreements were resolved by consensus as well.
Statistical analysis
Pooled crude odds ratios (ORs) and 95% confidence intervals (95% CIs) were determined to assess the associations between TLR2 (Arg677Trp, Arg753Gln) and TLR4 (Asp299Gly, Thr399Ile) genetic polymorphisms and the risk of IBD under dominant, recessive, additive and allele models, based on the extracted data. The fixed-effects (random-effects) model was used depending on the heterogeneity among studies [15, 16] . Subgroup analysis was performed to assess the ethnic-specific effects. Potential heterogeneity was examined by the chi-square based Q-test and I 2 . A P value for heterogeneity < 0.10 or I 2 > 50% was considered statistically significant. Sensitivity analysis was performed by sequentially excluding each single study to assess the stability of the results [17] . Galbraith plots were performed to identify possible distinct articles, which might contribute to the heterogeneity [18] . Hardy-Weinberg equilibrium (HWE) in the control group was assessed by the chi-square test [19] . Potential publication bias was estimated by the funnel plot of the ORs versus their standard errors [20] . Funnel plot asymmetry was assessed by the Egger's test (linear regression test) when the number of studies included was more than 10. P value > 0.10 indicated no significant publication bias [21] . Studies with P value <0.1 were corrected using the Duval's trim and fill method [22] . All statistical analyses were performed with STATA 10.0 (StataCorp LP, College Station, TX).
Results
Literature search
This meta-analysis was performed and reported according to the PRISMA guidelines. 
Study characteristics and quality assessment
The basic information for each study, including authors and publication years, ethnicity, numbers of cases and controls, frequencies of various genotypes in IBD patients and healthy controls, and Hardy-Weinberg equilibrium (HWE) in healthy controls, are summarized in Table 2 . Of the 39 qualifying studies, 23 were conducted among Caucasian populations, 10car-ried out among Asians and 6 performed in other ethnicities. All studies were published between 2002 and 2013, and were case-control designed. IBD patients and controls were age and gender matched in 6 studies, while the other 33 studies did not specifically mention this detail in their reports. Allelic distribution for TLR2 and TLR4 is shown in S1 Table. Of the 39 studies, 7 assessed the TLR2 Arg677Trp polymorphism, 10 studied the TLR2 Arg753Gln polymorphism, 37 evaluated the TLR4 Asp299Gly polymorphism and 17 studied the TLR4Thr399Ile polymorphism. There were 30 high quality and 9 low quality studies, respectively according to the set quality criteria (Table 3) . All low quality studies encompassed TLR4 polymorphism analyses. Main meta-analysis results
An estimation of the association between TLR2 Arg677Trp, Arg753Gln and TLR4Asp299Gly, Thr399Ile polymorphisms and susceptibility to CD and UC is presented in 
TLR2 Arg677Trp
All studies evaluating the TLR2 Arg677Trp polymorphism were conducted among Asians. No variant allele A carrier or mutant homozygous was found in either the IBD patients or control population in the included studies. In addition, TLR2 Arg677Trp polymorphism did not show any association with CD (OR = 3.54, 95%CI = 0.71-17.71, P = 0.99) or UC (OR = 1.93, 95% CI = 0.39-9.60, P = 1.00) in Asian populations.
TLR2 Arg753Gln
Due to the rarity of the TLR2 Arg753Gln mutant homozygous genotype in the included studies, the data could only be pooled in the allele and dominant models. In the allele model, no as- Stratified analyses by study quality and ethnicity were conducted to further explore the actual effect of TLR4 D299G polymorphism on the risk of CD and UC. Similar results were obtained with subgroup analyses by study quality. When ethnicity was restricted to Asians, no TLR4 D299G polymorphism was found in patients with CD or UC. However, when only 
TLR4 Thr399Ile
The pooled results of all studies suggested that TLR4 T399I polymorphism was significantly as- Meta-analyses of high quality studies showed that TLR4 T399I polymorphism was not associated with the risk of CD in any genetic model and only the dominant model showed a significant association with the risk of UC.
Stratified by ethnicity, neither Asians nor Caucasians were associated with CD susceptibility in all four genetic models. With respect to UC, a significant association was found for Caucasians in dominant (TT+CT vs CC: OR = 1.42, 95%CI = 1.09-1.85, P = 0.11) and allele (T vs C: OR = 1.42, 95%CI = 1.11-1.83, P = 0.15) models, but not in recessive (TT vs CT+CC: OR = 1.71, 95%CI = 0.44-6.59, P = 0.84) and additive (TT vs CC: OR = 1.80, 95%CI = 0.47-6.92, P = 0.85) models.
Heterogeneity analysis
For the TLR4 299 polymorphism versus UC, a statistically significant heterogeneity among studies was found in the dominant and allele models with the I 2 values of heterogeneity> and P values< 0.10. To further investigate the heterogeneity in studies assessing TLR4 299 polymorphism in Caucasians, Galbraith plots were generated to identify the outliers which might contribute to this observation. Our results showed that the study published in 2008 by Rigoli was an outlier in both dominant and allele models (Fig 3) . All I 2 and P values decreased overtly 
Sensitivity analysis
Sensitivity analysis was performed by sequentially excluding individual studies. For analyses pooling more than three individual studies, the summary ORs were not influenced by excluding any single study (data not shown), indicating that our results were statistically robust.
Publication bias
There was no evidence of obvious asymmetry in the funnel plots. The Egger's test was performed to access publication bias in the articles included in this meta-analysis, when the number of included studies was greater than 10. All p values obtained in the Egger's test were more than 0.1 except for the dominant model of TLR4 399 in CD for both overall analysis and the assessment including only high quality studies. There were five unreported studies according to the Duval's trim and full method (Fig 4) . After possibly unpublished studies were imputed, the pooled OR and 95%CI were slightly shifted toward null (Overall study: OR = 1.24, 95% CI = 1.02-1.51; High quality study: OR = 1.13, 95%CI = 0.91-1.42). However, no change was observed in the meta-analysis results. 
Discussion
Genome-wide association studies(GWAS) has improved our knowledge of many common variants and molecular pathways leading to IBD [59] . Recently, a meta-analyses of GWAS conducted by Jostins et al. have identified 163 loci that are significantly associated with IBD [60] . Such discoveries are limited to studies in North America, Oceania and Europe. Yang, S.K., et al. conducted a GWAS and two validation studies in the Korean population and revealed three new susceptibility loci for CD [61] . Till now, most GWAS were conducted in Caucasians with limited studies in other populations. Despite the success of GWAS in identifying IBD susceptibility loci, it explains only a minority of(<25%) the variance in IBD risk [62] -. The advent of GWAS also prompt mechanistic research aimed at exploring the complex interplay between genes, immune networks, and microbiome. Functional studies to assess the in vivo impact of the genetic variants involved in IBD also emerges. Recently, Coelho, T et al. performed a unique systematic review of literature with mechanistic studies in assessing the functional impact of the a selected panel of gene variants implicated in IBD through GWAS and other genetic studies. However, they limited to only 71 genes and TLR is not included in the study. They did not make a meta-analysis due to the lack of functional studies and more functional studies is needed [63] . Both TLR4 and TLR2 was not detected to be associated with IBD in the previous GWAS. Not surprisingly, uncommon genetic variation which may contribute significantly toward the heritability of IBD may not be captured by GWAS [64] . Population-based studies have also provided compelling evidence for genetic factors contribute to the IBD for these rarer variants are more likely to be population specific. We performed a meta-analysis of population based casecontrol studis for TLR2 and TLR4 polymorphism and IBD susceptibility.
All studies assessing the TLR2 Arg677Trp polymorphism and IBD were carried out in Asia, and no TLR2 Arg677Trp polymorphism was found in Asians, as described above. This is the first meta-analysis evaluating TLR2 Arg677Trp polymorphism and IBD.
In the case of TLR2 Arg753Gln, we only pooled data in the allele and dominant models due to the rarity of the TLR2 Arg753Gln mutant homozygous genotype in the included studies. All studies were of high quality. Our meta-analysis showed no association between the Arg753Gln polymorphism and UC or CD. We then restricted to ethnicity-specific data for subgroup analyses, and found that the Arg753Gln polymorphism was not associated with UC or CD susceptibility in Asians or Caucasians. These findings indicated that Arg753Gln with the mutant allele does not significantly increase IBD susceptibility.To our knowledge, this is the first meta-analysis evaluating TLR2 Arg753Gln polymorphism and IBD.
Interestingly, this meta-analysis revealed a modest association between the TLR4 Asp299Gly polymorphism and IBD (CD and UC). This result was very well supported: sensitivity analyses excluding low quality studies did not significantly change the magnitude of the gene effect or genetic model. Next, we restricted to race-specific assessments to perform a subgroup analysis. Consistent with meta-studies reported by Hume and Shen [44, 52] , our study suggested that TLR4 Asp299Gly polymorphism might be associated with UC and CD susceptibility in Caucasians. Browning et al found no relationship between TLR4 Asp299Gly and UC in Caucasians, which contradicts our findings [42] . However, only 12 articles were included in their study. Some differences exist between our study and Hume and Shen's reports. First, the included studies were updated. Then, quality assessment and publication bias assessment of the included studies were performed. TLR4 Asp299Gly polymorphism was not associated with UC or CD in Asians in our study. Ng et al. has made a systematic review and meta-analysis of genetics of IBD in Asia and they also found no association of TLR4 Asp299Gly and risk of CD [65] .However, they only included two studies (Xiong 2006 and Ye 2009 ) conducted in Chinese and Korean patients. We included 7 more studies with 1 conducted in Japanese, 1 in Korean and 5 in Chinese. Our study might further confirm that population differences, such as genetic heterogeneity, play a vital role in IBD susceptibility.
The current study indicates that the TLR4 399T allele might increase the risk of UC and CD. It is plausible that TLR4 Thr399Ile's T allele affect TLR4 transcription and expression, further impacting TLR4 protein function. Further studies should focus on how the variant might impact gene expression and function. Subgroup analysis of high quality studies showed no association between TLR4 Thr 399Ile polymorphism and CD, and marginal association between TLR4 Thr399Ile polymorphism and UC. In the meta-analysis performed by Shen et al [52] , TLR4 399 Ile polymorphism is associated with both UC and CD susceptibility in Caucasians. Our race-specific subgroup analyses found that the TLR4 Thr 399Ile polymorphism was associated with UC susceptibility in Caucasians while no association between TLR4 Thr399Ile polymorphism and CD susceptibility was observed. For Asians, there was no association observed in any genetic model for TLR4 Thr399Ile and CD or UC susceptibility.
The overall meta-analysis has little heterogeneity. When ethnicity sub-stratification was performed, heterogeneity was decreased or even removed among Asians while significant heterogeneity existed in study for TLR4 Asp299Gly polymorphism and UC in the dominant and allele models in Caucasions. Galbraith plot was used to identify heterogeneous records. One heterogeneous article for TLR Asp299Gly vs UC was detected by the Galbraith plot [43] . The potential bias of the article might result from the elderly population assessed or unknown reasons. After omitting this article, heterogeneity decreased substantially and the association was still significant. The Egger's test suggested that there was no significant publication bias except for the meta-analysis of TLR4 Thr399Ile and CD in the dominant model. This publication bias was then corrected using the Duval's trim and fill method. Publication bias is caused by the tendency of researchers and editors to publish reports with positive results, while those showing inconclusive results are likely not considered for publication. Several original studies has controls depart from the HWE which may cause bias in estimates of genetic effects results. Currently, there is no consensus on whether to pool studies that are not in HWE for meta-analysis of genetic association studies. We performed a quality assessment of the studies based on the HWE as well as other criteria such as representativeness of cases and controls. Sensitive analysis quality were also performed by excluding low quality studies in our study which is the merit of our study.
A few limitations of this study need to be mentioned. First, a variety of confounding factors may be associated with increased damage to IBD, such as gender, age, smoking status, clinical phenotype, et al. Unfortunately, we were unable to obtain sufficient data to perform appropriate stratified analyses due to the limited information in the included studies. In addition, the number of cases and controls included was relatively small and most were included in Asians as far as studies on TLR2 Arg677Trp and Arg753Gln are concerned. Thus, the association between in different populations need to be confirmed by further studies. Finally, we could not identify the gene-gene and gene-environment interactions in this study. In conclusion, TLR2 Arg677Trp and Arg753Gln is not associated with the risk of UC or CD. The TLR4 Asp299Gly and Thr399Thr genotypes seem to be more susceptible to UC and CD in Caucasian populations but not in Asians. This finding needs to be further confirmed in future well-designed studies including different ethnicities.
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